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57 ABSTRACT 
A method for dissolving radioactively contaminated 
surfaces of metal articles using a reagent of HBF4 acid 
with the addition of at least one oxidation agent, prefer 
ably hydrogen peroxide H2O2, for the efficient decon 
tamination of radioactively contaminated metal articles. 
An optimum mixture of this reagent was about 5% 
HBF4 acid with the addition of about 0.5% by volume 
of H2O2. Radioactively contaminated lead plates, for 
example, were treated by this reagent, and the contami 
nated solution was used as an electrolyte without any 
further additive. The contaminated lead or lead oxide is 
deposited at the anode or cathode decontaminating the 
solution which may be returned to the process. If, in 
stead of lead, the metal is copper, nickel, steel, silver or 
mercury or their alloys, the method for dissolving ra 
dioactively contaminated surfaces can be executed in 
the same way with the same reagent. 

22 Claims, 4 Drawing Sheets 
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METHOD FOR DISSOLVING RADIOACTIVELY 
CONTAMINATED SURFACES FROM METAL 

ARTICLES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for dis 

solving oxidized or non-oxidized radioactively contami 
nated surfaces from metal articles. 

Articles of lead or lead-containing alloys are used in 
nuclear workplaces for shielding against radioactive 
radiation. It is known that a lead plate of an approxi 
mate thickness of 5 cm reduces radioactive radiation by 
a factor of 10. For this reason, shielding blocks are made 
of lead or lead alloys which are used to build entire 
walls around highly radioactive components. Pipes 
emitting strong radioactive radiation are shielded with 
lead mats. It is of course possible for these shielding 
blocks, lead mats and lead plates to become radioac 
tively contaminated. Therefore, they must be decon 
taminated from time to time. Up to now this has not 
been done in a satisfactory manner. The surfaces of the 
lead or the lead-containing articles were scraped off or 
brushed by hand, the scraped off, contaminated material 
decontaminated and the remaining articles, still slightly 
radioactive, were melted down. The result was unsatis 
factory and additionally resulted in spread of the radio 
activity. Although the reclaimed articles of lead or 
lead-containing alloys could be reused, they exhibited 
increased radioactivity from the start. A second variant 
consisted of providing the lead shielding blocks or 
plates with a plastic covering, which was replaced from 
time to time. The contaminated plastic covering was 
decontaminated each time. Both variants resulted in a 
relatively large amount of waste which had to be decon 
taminated. 
Lead articles are used in various nuclear applications. 

For example, in nuclear armaments, where lead compo 
nents are used as reflector shields, among other uses, it 
is necessary to renew these lead components from time 
to time in order to maintain the operational readiness of 
the nuclear arms and to decontaminate the lead waste. 
The same problems appearing in connection with 

lead and lead alloys are relevant in connection with 
other metals. For example, in installations for manufac 
turing UF6 in the civilian and military sectors there are 
large amounts of radioactively contaminated nickel. 
Although the value of these metals is high, only the 
smallest amounts could be reclaimed for reuse. An in 
stallation for manufacturing UF6 contains approxi 
mately 1,000 to 10,000 tons (metric) of pure nickel. 
Also, heat exchangers and steam generating installa 
tions of pressurized water reactors contain large 
amounts of nickel based alloys, such as Inocel 600 with 
a Ni content of approximately 70%. Both Cu and Cu 
alloys are also employed in heat exchangers and con 
densers of nuclear installations. 

2. Description of the Prior Art 
A method for the decontamination of radioactively 

contaminated metallic materials is known from U.S. 
Pat. No. 4,828,759. The radioactively contaminated 
metallic articles are placed into a bath containing 
fluoboric acid, which may be electro-chemically regen 
erated and the metals recovered and the regenerated 
fluoboric acid returned to the process. This method has 
proven too time-consuming for the decontamination of 
articles of lead and lead-containing alloys and, further 
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2 
more, is only usable at higher temperatures and concen 
trations. Solubility of lead and other metals, such as Ni, 
Cu, Hg, Ag or steel is a very slow process at room 
temperature even in HBF4 acid and it additionally gen 
erates hydrogen while taking place. 
A possibility for removing lead contamination from 

copper alloys and steel is described in the publication 
"Metal Finishing Guidebook and Directory', Vol. 78, 
No. 1a, January 1980, page 505. Fluoboric acid and 
30% hydrogen peroxide is recommended there for 
cleaning. Accordingly, it is intended to take off a thin 
layer of lead in cleaning of this type, while the underly 
ing layer of different metals should not be altered, if 
possible. However, in the beginning of the above men 
tioned publication the recommendation for the use of 
hydrogen peroxide is qualified, since destruction of the 
surface may result. However, decontamination of radio 
actively contaminated lead is based on completely solid 
lead and the depth of removal as great as necessary. 

SUMMARY OF THE INVENTION 

It is therefore the object of the present invention to 
provide a method which is particularly suitable for 
dissolution of oxidized or non-oxidized radioactively 
contaminated surfaces from metallic articles and which 
considerably speeds up the process in contrast to known 
methods and which can be executed at room tempera 
ture. This object is attained by contacting oxidized or 
non-oxidized radioactively contaminated surfaces of 
metal articles with a decontamination agent comprising 
fluoboric said HBF4 at a concentration of less than 
about 80 percent and at least one oxidation agent. In 
preferred embodiments, the reagent comprises aqueous 
fluoboric acid HBF4 in concentrations of less than about 
50 percent, and most preferably, less than 10 percent. 
The oxidation agent should be present in amounts of less 
than about 20 percent by volume, and preferably, less 
than about 5 percent by volume. A preferred oxidation 
agent is hydrogen peroxide in an amount of less than 
about 2 volume percent. Mixtures of oxidation agents 
may be used, a preferred mixture being about 0.5 to 
about 2 percent by volume hydrogen peroxide and 
about 0.1 to about 2 percent potassium permanganate. 
Excellent results in dissolution of lead from radioac 
tively contaminated metal surfaces have been achieved 
with an aqueous solution of about 5 to 20 percent 
fluoboric acid and about 0.5 to 2 percent by volume of 
hydrogen peroxide. 

BRIEF DESCRIPTION OF THE DRAWING 

The explanation of the effect of the reagent in accor 
dance with the invention ensues in the following de 
scription and by reference to the drawing, wherein: 
FIGS. 1A and 1B show the weight loss of a lead plate 

at various HBF4 concentrations as a function of the time 
A) with the addition of 0.5% by volume of H2O2 and B) 
without the addition of H2O2; 
FIGS. 2A and 2B again show the weight loss of a lead 

plate in 5% HBF4 with various concentrations of H2O2; 
FIG. 3 is a schematic flow diagram of the process of 

the invention; 
FIG. 4 shows the apparatus for the electrolysis cell 

and reagent equations; and 
FIG. 5A and 5B show the course of the electrolysis 

performed as a function of the current density, namely 
A at 30 mA/cm2 and B at 45 mA/cm2. 
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DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A lead plate of a thickness of 0.25 mm and with an 
area of 2X88 cm2 was used in the performance of the 
experiments described below. To remove any covering 
of the lead plate with a protective film of grease, it was 
degreased with acetone prior to insertion into the treat 
ing solution. Each use of fluoboric acid HBF4 was based 
on 50% pure acid and the various degrees of dilution 
were obtained by adding de-ionized water. The lead 
plate was weighed before and after each treatment. In a 
first test run the weight loss of a standardized lead plate 
of the above mentioned type in various HBF4 concen 
trations was determined as a function of time. This 
resulted in the graphs shown in FIG. 1B. Using HBF4 
acid without added H2O2, there were very small rele 
vant differences after 200 minutes in the various con 
centrations between 5 and 50%. Different weight loss of 
the lead plates was shown only after approximately 400 
minutes, where lead plates subjected to HBF4 acid at 
higher concentrations showed greater lead losses. After 
approximately 200 minutes the weight loss per plate at 
all concentrations of HBF4 acid was approximately 0.05 
grams. Similar tests were repeated with the addition of 
0.5% by volume of H2O2, again as a function of various 
concentrations of HBF4 acid. The new graphs shown in 
FIG. 1A indicate a greatly improved dissolution of lead 
from the plates. 
A weight loss of approximately 15 grams was mea 

sured after approximately 100 minutes on all plates, 
regardless of the concentration of HBF4 acid. Accord 
ingly it was shown that the dissolution of lead had been 
increased by a factor of 300 within half the time. In 
contrast to the tests without the addition of hydrogen 
peroxide, it was shown that the increase in the concen 
tration of HBF4 acid above 5% did not obtain an im 
provement in the results. Accordingly, it was shown 
that the decomposition of the oxide layer took place 
immediately and the dissolution of lead started quickly 
because of the addition of 0.5% by volume of H2O2. 
Initially dissolution was fast and afterwards slowed. 
Dissolution ceased once a concentration of 55 grams of 
lead per liter had been attained. 
Analogous observations have been shown following 

tests with Ni, Cu, Ag, Hg and steel. Subsequently the 
tests, so far made at room temperature, were repeated at 
a temperature of 60° C. Here, again, it was shown, that 
the decomposition rate steeply increased as a result of 
the addition of 0.5% of H2O2, however, no increase in 
lead dissolution over the performance of tests at room 
temperature was noted. 

Dissolution 
Kinetics 

Metal in (mg/cmh) 
Ag approx. 1.0 
Cu 1.0 
Hg 0.8 
Ni 3.0 
Inocel 600 0.5 

These data refer to a reagent of 5% HBF4 with 0.5% 
H2O2 at a temperature of 25 C. 
Thus, the result of the work up to here is that an 

optimum result is achieved with 5% HBF4 acid. Now, 
the rate of solubility of lead in 5% HBF4 acid was deter 
mined as a function of the concentration of hydrogen 
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4 
peroxide contained therein. FIGS. 2A and B show the 
result. With increasing H2O2 concentration a steady 
increase of the speed of dissolution of the lead was 
noted, this within a range from 0.05 to 2% by volume. 

In every case lead dissolution was initially fast and 
slowed after 60 minutes. With hydrogen peroxide con 
centrations between 0.5 and 1.0%, the solution attained 
a maximum lead concentration of 80 grams per liter 
towards the end of the process. At this concentration a 
white sediment formed in the solution and on the sur 
face of the lead. At higher concentrations of H2O2 the 
dissolution reaction was strongly exothermic. Using the 
test arrangement with 50 milliliters of solution, the lat 
ter started to boil immediately and a white sediment 
formed almost simultaneously in the solution. The maxi 
mum lead concentration in a 10% HBF4 solution lev 
eled out at approximately 120 grams per liter. Although 
this concentration is greater by approximately 50% 
than in the previously measured cases, such dissolution 
conditions are unacceptable in a process on the indus 
trial scale. 
The result of all of the work described was that the 

preferred reagent for dissolving the surfaces of oxidized 
or non-oxidized lead plates takes place most advanta 
geously in a solution of about 5% HBF4 acid and about 
0.5% by volume of hydrogen peroxide. The work in 
connection with the process for the decontamination of 
radioactively contaminated articles of lead or lead-con 
taining alloys was performed using this solution. 
A few tests to replace hydrogen peroxide by other 

oxidation agents have also resulted in useful solutions. 
Tests using permanganate-HBF4 solutions have also 
shown acceptable results. The best results were, surpris 
ingly, achieved with a combination of different oxida 
tion agents, together with 5% fluoboric acid. In particu 
lar, a mixture where 0.5 to 2% by volume of hydrogen 
peroxide and 0.1 to 2% of potassium permanganate 
were added to 5% fluoboric acid, resulted in consider 
able increase in the values shown in the above table 
regarding dissolution kinetics. The oxidation agent, 
potassium permanganate KMnO4, oxidizes the metals or 
their oxides and transforms them into a form which is 
particularly readily dissolvable in the acid. Such a solu 
tion of metals and metal oxides containing radioactivity 
is, for example: 

In contrast to the known AP-Citrox decontamination 
process, no manganese dioxide MnO2 is deposited on 
the surface of the metal. 
The contaminated articles must be degreased in a first 

step (1), as shown in FIG. 3. They are placed in a solu 
tion bath (2) thereafter. This already contains the de 
scribed reagent, 5% HBF4 acid and 0.5% by volume 
hydrogen peroxide. After the reagent has been allowed 
to act on the lead plates for approximately 60 minutes, 
depending on the required removal depth, and the now 
decontaminated lead plates are removed (3) from the 
solution bath (2). The solution, which is now contami 
nated, is passed (4) to an electrolysis bath, for perform 
ing electrolysis (5). The contaminated lead or lead oxide 
is now deposited on the anode or cathode. The concen 
trated, radioactively contaminated material (6) is now 
present in a highly concentrated form and nuclear dis 
posal in a known manner is now possible. The remain 
ing HBF4 acid is taken from the electrolysis cell by 
strean (7) and recycled by stream (9) to solution bath 
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(2). This is done with the addition (8) of H2O2 until the 
desired concentration has again been attained. When all 
articles have been decontaminated, the process can be 
stopped by neutralizing the acid after electrolysis has 
been performed by the addition of potassium hydroxide 5 
or by regenerating it in a cationic ion exchanger into a 
pure, non-contaminated acid. A sediment is formed in a 
known manner in the course of this, which can be fil 
tered out or sedimented. The remaining, contaminated 
filter cake can be solidified and nuclear disposal in a 10 
known manner is now possible. The remaining filtrate is 
free of activity and also no longer contains lead. It can 
therefore be disposed of without any additional precau 
tions, for example by placing it in the sewage disposal 
system. 15 

In further test runs it was determined under what 
conditions the electrolysis of the 5% HBF4 acid should 
be performed in order to obtain as efficient as possible a 
precipitation of the lead or lead oxide. The tests were 
performed at room temperature and with the use of 20 
stainless steel at the cathode and with a graphite anode. 
The electrolyte consisted of 5% HBF4 acid with a 
Pb2+ content of approximately 30 grams per liter. The 
electrolyte was prepared by dissolving lead in 5% 
HBF4 acid with a 0.5% H2O2 content by volume. The 25 
initial pH value was approximately 0. Lead electrolysis 
was started at a potential of approximately 2.0 Volts. 
Bubbles were initially formed on the anode surface. 
They disappeared as soon as lead oxide had been 
formed. 30 

During electrolysis the voltage remained stable with 
a current density of 30 as well as 45 milli-Ampere per 
cm2, until the lead concentration was approximately 5 
grams per liter. Starting at this point, the voltage began 
to increase, while simultaneously bubble formation 35 
could be seen, particularly on the anode, accompanied 
by a rapid deterioration of the coulombic efficiency. 
With a density of the electrolysis current of 30 mA per 
cm2, the coulombic efficiency was a little more than 
80%, while with an increase of the current density to 45 40 
mA per cm2 the coulombic efficiency was nearly 100%. 
The coulombic efficiency depends upon whether it is 
calculated before or after the moment of voltage in 
crease. FIGS. 5A and 5B show two examples of lead 
electrolysis. In both cases the current was maintained at 45 
a fixed value. It was noted that the voltage remained 
stable as long as the lead concentration was below 5 to 
6 grams per liter. As soon as this concentration had been 
achieved, the voltage began to increase and the coulom 
bic efficiency decreased. An increase in the voltage also 50 
led to the formation of oxygen bubbles on the surface of 
the anode. It therefore seems advantageous to perform 
electrolysis while controlling the voltage in order to 
prevent the formation of oxygen. 

It follows from the tests that the dissolution of metal- 55 
lic lead in HBF4 acid of less than 50% with a content of 
less than 2% by volume of H2O2 caused considerably 
improved dissolution. Particularly good results were 
obtained with 5% HBF4 acid with a content of 0.5% 
H2O2 by volume. It was possible to dissolve in this 60 
solution 35 grams of lead per liter in approximately 90 
to 120 minutes. Following the dissolution of the lead, 
the solution was used without any additional modifica 
tion directly as an electrolyte for the recovery of lead. 
Electrolysis resulted in homogenous lead at the steel 65 
cathode and, correspondingly, in lead dioxide PbO2 at 
the graphite anode. Coulombic efficiency was more 
than 90% as long as the electrolysis voltage was main 

6 
tained at a potential where there was almost no O2 
formed. 

Various additional methods of use can be realized 
when a reagent is used which comprises a mixture of 
5% HBF4 as well as 0.5 to 2% by volume H2O2 and 0.1 
to 2% KMnO2. Since with use of this reagent nothing 
but water-soluble components accumulate, the decon 
taminated articles can be simply rinsed clean with water 
at the end. 
With the high speed of dissolution it has also been 

shown, that this reagent can also be pumped directly 
into a closed pipe system, for example the heat ex 
changer of a nuclear power plant, recirculated in it for 
a number of hours and subsequently pumped out in the 
form of a radioactive reagent and electrolytically regen 
erated. Since the solution is wholly water-soluble, the 
pipe system can subsequently by rinsed with water. 
An alternative to this is that the reagent is kept in the 

pipe system, and then passed through an ion exchanger 
after some time, by means of which all radioactive por 
tions can be removed from the system. Regeneration by 
means of an ion exchanger is a known technology, 
which need not be further discussed here. 
A possible alternative comprises first exposing the 

articles to be decontaminated to an oxidizing agent and 
only then placing them into a pure HBF4 acid bath or 
spraying them with HBF4 acid. This operation can be 
repeated several times until the metal surface to be 
decontaminated shows radioactivity below the easily 
measured limits. 

Finally, it is also possible to perform the first oxida 
tion with the aid of an oxidizing agent and only after 
this to execute the method already previously described 
and to place the metal articles which are to be radioac 
tively decontaminated into a reagent of HBF4 and an 
oxidizing agent. 
While in the foregoing specification this invention has 

been described in relation to certain preferred embodi 
ments thereof, and many details have been set forth for 
purpose of illustration it will be apparent to those skilled 
in the art that the invention is susceptible to additional 
embodiments and that certain of the details described 
herein can be varied considerably without departing 
from the basic principles of the invention. 
We claim: 
1. In a method for dissolving radioactively contami 

nated surfaces of articles made of metal, according to 
which the articles to be decontaminated are contacted 
with a decontamination agent comprising fluoboric acid 
in an aqueous solution with a strength of about 0.05 to 
about 50 mol/liter and where the surfaces of said con 
taminated articles are dissolved by said decontamina 
tion agent, the improvement comprising: changing said 
radioactively contaminated surfaces into an oxidized 
state providing an increased and quicker solubility of 
said radioactively contaminated surfaces in fluoboric 
acid by contacting said radioactively contaminated 
surfaces with a single aqueous solution of an oxidizing 
agent containing less than about 20 percent by volume 
and said fluoboric acid. 

2. A method in accordance with claim 1, wherein 
hydrogen peroxide is used as said oxidation agent. 

3. A method in accordance with claim 2, wherein 
hydrogen peroxide in a concentration of less than 20 
percent by volume is used as said oxidation agent. 

4. A method in accordance with claim 1, wherein a 
mixture of hydrogen peroxide and an additional oxida 
tion agent is used as said oxidation agent. 
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5. A method in accordance with claim 1, wherein said 
surfaces of said radioactively contaminated metal arti 
cles are contacted with said single aqueous solution 
comprising fluoboric acid at about 5% concentration 
and about 0.5% by volume, based upon said single aque 
ous solution, of hydrogen peroxide. 

6. A method in accordance with claim 4, wherein said 
surfaces of said radioactively contaminated metal arti 
cles are contacted with said single aqueous solution 
comprising fluoroboric acid at about 5% concentration, 
about 0.5% to about 2%, by volume based upon said 
single aqueous solution, hydrogen peroxide and about 
0.1 to 2%, by volume based upon said single aqueous 
solution, potassium permanganate. 

7. A method in accordance with claim 1, wherein said 
surfaces of said radioactively contaminated metal are 
first degreased. 

8. A method in accordance with claim 1, wherein said 
surfaces of said radioactively contaminated metal arti 
cles are dissolved in a bath comprising fluoboric acid 
and said oxidation agent at about room temperature. 

9. A method in accordance with claim 8, further 
comprising electrolytically regenerating a contami 
nated mixture of dissolved metal, fluoboric acid and 
oxidation agent at a temperature of about 25 C. at a 
current density of about 5 to about 500 mA/cm2. 

10. A method in accordance with claim 9, wherein 
said electrolytically regenerating of said contaminated 
mixture is performed below the voltage leading to the 
generation of oxygen. 

11. A method in accordance with claim 8, wherein 
said electrolytically regenerating of said contaminated 
mixture is performed until its metal content is less than 
about 0.1 g per liter, after which remaining fluoboric 
acid is reused for repeating the process. 

12. A method in accordance with claim 8, wherein 
following the performance of said electrolytically re 
generating said bath is neutralized with addition of 
calcium hydroxide, sedimentation is filtered and/or 
sedimented forming a contaminated filter cake, said 
contaminated filter cake is solidified and decontami 
nated, and remaining filtrate, free of radioactivity and of 
metal, is placed into a sewage disposal system. 
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8 
13. A method in accordance with claim 8, wherein 

said electrolytically regenerating of said contaminated 
mixture is performed until its lead content is less than 
about 0.1 g per liter, after which this solution, which 
still contains radioactivity, is fed through a cation ex 
changer, by means of which fluoboric acid free of radio 
activity and lead is obtained. 

14. A method in accordance with claim 6, wherein 
the decontaminated metal articles are cleaned by flush 
ing with water. 

15. A method in accordance with claim 6 for decon 
tamination of radioactively contaminated closed pipe 
systems of metal, wherein said single aqueous solution is 
pumped into the pipe system, recirculated for a time, 
and finally conducted through an ion exchanger. 

16. A method in accordance with claim 6 for decon 
tamination of radioactively contaminated closed pipe 
Systems of metal, wherein said single aqueous solution is 
pumped into the pipe system and is recirculated for a 
time, after which contaminated solution is pumped out 
and the pipe system is rinsed with water. 

17. A method in accordance with claim 16, wherein 
the pumped out solution is electrolytically regenerated. 

18. A method for dissolving radioactively contami 
nated metallic surfaces, comprising: contacting said 
surfaces with an aqueous solution comprising fluoboric 
acid at about 5 to 20 percent concentration and an oxi 
dation agent. 

19. A method according to claim. 18, wherein said 
oxidation agent comprises about 0.05 to about 2 volume 
percent, based upon said aqueous solution, hydrogen 
peroxide. 

20. A method according to claim 19, wherein said 
oxidation agent further comprises about 0.1 to about 2 
percent, based upon said aqueous solution, potassium 
permanganate. 

21. A method according to claim 19, wherein said 
metallic surfaces comprise lead and said contacting 
ceases prior to said solution attaining a lead concentra 
tion of about 55 grams lead per liter. 

22. A method according to claim 19, wherein said 
metallic surfaces comprise lead and said contacting is 
continued for about 50 to about 150 minutes. 
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